Recent investigations of CO photoabsorption demonstrate that photodissociation longward of the ionization threshold at 88.5 nm occurs primarily through line absorptions rather than continuous processes. We have constructed high resolution photoabsorption cross sections for CO at rotational temperatures near 250 K from the improved data on dissociating transitions. We examine the effects of the new cross sections on the rate of solar photodissociation of CO in the thermosphere of Venus and compare the results to values obtained with the lower resolution cross sections available previously.
Introduction
Recent studies of photodissociation of CO, both theoretical and experimental, have shown that at wavelengths between about 88.5 nm and the dissociation threshold at 111.8 nm, dissociation occurs by line absorption into predissociating states, rather than through continuous absorption. Previous measurements of the absorption spectrum of CO, such as those of Cook et al. [1965] , whose cross sections have been used in planetary models [e.g. Fox, 1982] , failed to resolve the band structure. The spectrum of Cook et al. [1965] showed peaks that were attributed to band structure, but the measurements were interpreted as showing also the presence of a dissociation continuum in the 60 to 100 nm region. Hudson [1971] noted that there was no reason to expect an absorption continuum longward of the ionization threshold (88.5 nm); indeed, ab initio calculations of the electronic structure of CO show no repulsive states of appropriate symmetry below 14 eV [Cooper and Kirby, 1987] .
The development of synchrotron sources for UV radiation has allowed the measurement of the CO absorption cross sections at very high resolution. Letzelter et al. [1987] measured the absorption cross sections and fluorescence yields with a resolution of 0.015 nm, which is still coarse in relation to the rotational line spacings (_• 0.001 nm) within some of the bands. They set an upper limit on the continuum cross section at 90 nm of 1.2x 10 -•8 cm•'; longward of 100 nm, the limit was smaller, about 6 x 10 -•'ø cm 2. Absorption measurements of even higher resolu- Table 1 . Using this spectroscopic information, we have computed absorption cross sections of CO from 88.9 to 111.8 nm, at 10 -4 nm intervals. The individual line profiles are assumed to be either Lorentzian or Gaussian, depending on whether the natural or Doppler width is larger. At temperatures less than 300 K, and for most of the lines, the natural width is larger. Because the solar fluxes vary slowly over the widths of the CO lines, the results are insensitive to the assumed shape of the lines. "The band index numbers of column 1 follow those in Table 1 of 1. [1965] . The components due to continuous absorption shortward of 88.9 nm and to predissociation through line absorption at longer wavelengths are shown separately. The cross sections and dissociation yields in the continuum region shortward of 74.5 nm were adopted from Samson and Gardner [1976] . The integrated photodissociation rates due to continuous absorption shortward of 88.9 nm are reduced by a factor of less than a third (or about 10% of the total) from those obtained with the Cook et al. [1965] data. The optically thin photodissociation frequency at Venus is 2.31 x 10-6s -1 (corresponding to 1.21 x 10 -6 s -1 at I AU), which is 24% less than the value 3.04 x 10-6s -1 computed using the absorption coefficients of Cook et al. [1965] . The altitude of the absorption peak is at about 148 km, slightly higher than the previous value, and the magnitude of the peak is about a factor of two smaller. The total integrated photodissociation rate, 4.90 x 10 øcm-2s -•, is also smaller by a factor of two than that obtained using the low resolution data. We have divided the spectrum from 88.9 to 111.8 nm into eight wavelength regions and have displayed altitude profiles of the CO photodissociation rates for each region in Figure 3 . The integrated column dissociation rates are presented in Table 2 . The most important region for line dissociation is the Lyman continuum at wavelengths less than 91.3 nm.
The integrated photodissociation rates are insensitive to the assumed Doppler widths of the solar lines. A 50%
increase in the characteristic temperature to 1.5 x 106 K reduces the integrated rate by only about 1%; a 50% decrease in the temperature to 5 x l0 s K increases the integrated rate by about 2%. Varying the CO rotational temperature from the assumed value of 250 K to 200 K and 300 K changes the integrated rates by -2.6% and + 1.8%, respectively.
Discussion
From about 110 to 89 nm, the line structure in the CO photoabsorption causes the values of the cross sections to vary over more than 5 orders of magnitude from the peaks of strong lines to the valleys between bands. If CO were the major absorber, such a variation could produce a very broad altitude profile of absorption rates composed 2.50 ,•...... '"•'•.--•.....   '--..."..-. "-'-- ... ; ........ 'F-,  , I , , , , I ....  I , , , Figure 3 shows, however, that the absorption profiles of seven of the eight wavelength regions look similar to profiles for monochromatic absorption, with maxima spread over a 10 km region from 145 to 155 km. The peak optical depths in most of the CO bands approach unity only at altitudes of the order of 150 km, where continuous absorption by other species is becoming significant; therefore, self-shielding in the CO lines does not have a dramatic effect on the altitude profiles of the dissociation rate. CO•., C and O, and to a lesser extent, N•. and N have significant cross sections in this region of the spectrum. Although CO can be an efficient absorber in narrow wavelength intervals around strong lines, it does not dominate the opacity at 89 to 110 nm in an average sense. CO•. is the major absorber in all eight wavelength channels below 165-170 kin. Atomic oxygen dominates above 150 km. Its ionization threshold is at 91.2 nm, so absorption by O is important for the two shortest wavelength regions in Table 2 , which together account for over half the integrated dissociation rate. The ionization threshold of atomic carbon is at 110.1 nm, and its absorption is important above 190-200 km. The N•. densities have the same altitude dependence as CO, and absorption by N•. is a factor of 2 to 6 less than that of CO in most of the wavelength regions, but is comparable to CO in the 95.5 to 98.0 nm region. Photodissociation of N•., which occurs by excitation to predissociating states of the singlet manifold, may need to be treated similarly to that of CO. Only in the wavelength region longward of 104 nm is CO the major absorber over a significant altitude range, from 165 to 200 km. Furthermore, this region contains the narrowest CO lines, which suffer the most severe effects of self-shielding. Figure 3 shows that the dissociation profile in that altitude range is anomalously broad.
The altitude profile of the total CO photodissociation rate, shown in Figure 2 , is similar to that based on the Cook et al. [1965] data, although the integrated rate is a factor of 2 smaller for the new data than that obtained with the low resolution data.
The effect is con- 
Conclusions
Recent studies have shown that CO photoabsorption in the 88.9-110 nm region of the spectrum occurs by line absorption into predissociating states rather than by continuous absorption. We have constructed cross sections appropriate to the rotational temperatures in the region of maximum absorption in the Venus atmosphere and modeled the effect on the CO dissociation rates. The shape of the altitude profile remains largely unchanged, but the peak value and the total integrated dissociation rate are reduced by a factor of two from previous models [e.g., Fox, 1982] . A factor of two difference in the photodissociation rate does, however, have important implications for the production and chemistry of atomic carbon in the thermosphere of Venus, where photodissociation of CO is the major source of atomic carbon. Further studies of the implications of this effect are in progress.
